Comparative Osteointegration Testing of Titanium Implants in Relation to Gender After One Month of Implantation in Rabbit Femur by MARCU, Teodora et al.
Introduction




is	 related	 to	 a	 difference	 in	 bone	mass	 between	
males	 and	 females.	 Similar	 results	 have	 been	
reported	by	other	authors	in	a	study	conducted	for	
the	evaluation	of	stability	of	Brånemark	implants	
by	 resonance	 frequency	 analysis	 (Ostman	 et al., 
2006).	 Different	 authors	 found	 better	 primary	
stability	 of	 implants	 in	 the	 posterior	 maxilla	 in	
males	 (Tricio	 et al.,	 1995),	 but	 no	 differences	
between	genders	throughout	the	osteointegration	
process	(Haas	et al.,	1995).		 Other	 researchers	
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A	meta-analysis	on	long-term	implant	survival	
rate	was	conducted	by	Chrcanovic	et al.	(2015).	It	
included	 91	 studies	 reporting	 on	 27203	 dental	
implants	 inserted	 in	male	patients	and	25154	 in	
female	patients.	The	authors	found	1185	failures	




integrated	 dental	 implants	 have	 been	 studied	
extensively	 throughout	 the	 years,	 there	 is	 still	 a	
lot	 unknown	 about	 the	 gender	 influence	 on	 the	
results	of	endosseous	dental	implants	therapy.	
Considering	that	the	ability	to	predict	postop-
erative	 outcome	 is	 essential	 for	 implant	 therapy	
management,	knowledge	of	several	details	about	
the	patients	will	allow	the	surgeon	to	develop	the	
optimal	 treatment	 plan	 with	 the	 best	 outcome	
(Akca	et al.,	2007).	
As	 dental	 implants	 survival	 rate	 is	 linked	 to	
a	 large	 number	 of	 both	 objective	 and	 subjective	
factors,	its	evaluation	will	not	render	information	
on	 each	 particular	 factor,	 but	 rather	 on	 the	








The	 biologic	 material	 used	 in	 this	 study	 is	
represented	by	6	rabbits,	3	males	and	3	 females,	
aged	 11	 months	 and	 having	 an	 average	 weight	
of	 4	 kg.	 General	 anaesthesia	 was	 performed	 by	
intramuscular	administration	of	5	mg/kg	xylazine	
and	40	mg/kg	ketamine,	followed	by	the	placement	
of	 an	 auricular	 catheter	 for	 intra-operative	 fluid	
management	(5	mg/kg).	Surgical	exposure	of	the	
femur	was	performed.	2	mm	diameter	self-tapping	
titanium	 implants	 were	 placed	 after	 the	 drilling	
of	 1.8	 mm	 diameter	 transcortical	 holes.	 Sutures	
were	 performed	 for	 the	 surgical	 closure	 of	 the	
muscular	 layers	 and	 the	 skin.	 Postoperative,	 the	
rabbits	were	administered	20	mg/kg	enrofloxacin	
(Enroxil	 5%,	 KRKA),	 subcutaneously,	 daily,	




with	 the	 implants	 and	processed	 for	 histological	
examination.	 The	 samples	 were	 fixed	 in	 Stieve	
mixture	for	3	days	(Gabe,	1968,),	decalcifying	was	
performed	 using	 trichloracetic	 acid,	 followed	 by	
paraffin	embedding,	5	micrometers	sections	using	
a	 microtome	 and	 Goldner’s	 trichrome	 staining	
technique	 (Gruber,	 1992;	 Gruber,	 Ingram,	 2003;	
Bancroft,	Layton,	2019).	Sample	examination	was	
performed	 using	 an	 Olympus	 BX41	 microscope	
with	 an	 Olympus	 E-330	 digital	 camera	 attached	
for	 image	capturing.	The	 images	were	processed	
using	Adobe	Photoshop	2020.	
Results and discussions   
In	 males,	 four	 weeks after	 titanium	 implant	
placement	 in	 the	 femoral	 diaphysis,	 the	 surgical	
area	was	 evaluated,	 and	 no	 acute	 or	 chronic	 in-
flammatory	process	was	observed.	The	aspect	of	
proliferative	tissue	at	bone-implant	interface	sug-
gested	 that	 healing	was	 insured	without	 any	 in-
flammatory	processes.	All	these	aspects	prove	that	
the	surgical	technique	was	performed	properly.
The	 bone-implant	 interface	 was	 covered	 in	
new	 bone	 matrix	 (Figure	 1),	 but	 its	 thickness,	









vascular	 tissue.	 In	 the	 contact	 area	 between	 the	





layers,	 from	region	 to	 region,	 the	newly	prolifer-
ated	tissue	may	differ	in	thickness,	as	well	as	in	its	
binding	to	the	adjacent	tissues.	For	the	prolifera-





intermediate	 structure	 between	 cancellous	 and	
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At	 the	 interface	 site,	 the	proliferative	 osseus	
tissue	was	nonlamellar,	young	primary	bone	tissue,	
with	a	few	scattered	bone	lamellae.	This	indicates	
bone	remodelling	 to	compact	bone,	 though	 in	an	
early	stage.
In	females,	4	weeks	after	implant	placement,	
the	 surgical	 area	 was	 free	 of	 inflammatory	
processes	in	both	soft	and	hard	peri-implantation	
tissues.	The	latter	structures	were	in	close	contact	









the	 implant’s	 threads	and	 thread	gaps,	while	 the	
rest	was	occupied	by	augmentation	material	from	
the	surgical	self-tapping	of	the	implants	(Figure	5).




rate	 evaluation	 represent	 an	 area	 of	 interest	 for	
implantology	 specialists.	 Although	 there	 are	
various	 means	 used	 for	 this	 purpose,	 they	 do	
not	 provide	 the	 accurate	 information	 regarding	
specific	 dangerous	 factors	 that	 could	 affect	 the	
outcome.	 This	 whole	 process	 is	 influenced	 by	 a	










Early	 implant	 failure	 rate	 is	 influenced	 by	 a	
smaller	 number	 of	 risk	 factors	 than	 the	 implant	
survival	rate,	such	as	risk	factors	arising	from	the	
implant	 placement	 surgery	 and	 osteointegration	
process.	 Better	 understanding	 of	 early	 implant	





specifically	 by	using	 imaging	 techniques.	 From	a	
structural	 point	 of	 view,	 cellular	 processes	 that	













For	 a	 detailed	 osteointegration	 process	 eva-
lua	tion,	 quality	 histological	 sample	 processing	
was	 conducted	 for	 preserving	 peri-implantation	
soft	tissues,	as	well	as	the	hard	tissue	around	the	
implantation	 bed.	 Following	 sample	 analysis,	 it	
was	 revealed	 that	 newly	 proliferated	 tissue	 at	
bone-implant	 interface	 is	 connected	 intimately	
to	 the	 implant	 surface,	 proliferated	 new	 tissue	
being	 found	 throughout	 the	 implant’s	 threads.	




Comparative	 evaluation	 of	 osteointegration	
process	 took	 into	 consideration	 several	 aspects,	
such	 as	 the	 extent	 of	 newly	 proliferated	 bone	
tissue	 at	 bone-implant	 interface	 site,	 thickness	






females	 there	 is	 a	 central	 gap,	 there	 are	 certain	
threads	and	thread	gaps	left	uncovered.	
The	 thickness	 of	 the	 proliferative	 osseus	
tissue	 varies.	 It	 is	 the	 thickest	 in	 the	 endosteal	
area,	 followed	 by	 the	 periosteal	 area	 and	 the	
middle	 area	 in	 both	males	 and	 females.	 If	 newly	
proliferated	 bone	 tissue	 thickness	 is	 compared	
between	 genders,	 there	 is	 a	 significantly	 thicker	
layer	in	males	than	females.
The	 newly	 proliferated	 bone	 tissue	 is	 a	 pri-
mary	bone	in	different	stages	of	remodelling	and	
it	is	similar	to	cancellous	bone.	In	males	there	are	
fewer	 and	 smaller	 cone	 cavities	 than	 in	 females,	
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Overall	 osteointegration	 process,	 at	 4	weeks	
after	 implant	 placement,	 evolved	 well,	 although	
it	was	far	from	over.	The	osteointegration	process	
follows	certain	stages,	which	were	similar	between	
genders,	 but	 there	 was	 a	 difference	 regarding	
the	 speed	 of	 progression	 through	 certain	 stages.	
Thus,	 the	 osteointegration	 process	 at	 4	 weeks	
after	implant	placement	was	25%	more	advanced	
in	males.	This	aspect	 is	clinically	relevant	 for	the	






tissue	 in	 close	 contact	with	 the	 implant	 surface,	
which	 attest	 to	 the	 qualities	 of	 this	 biomaterial.	
The	 osteointegration	 process	 follows	 the	 same	
stages	in	all	rabbits,	but	the	speed	of	progression	
is	 25%	 higher	 in	males.	 The	 higher	 progression	
rate	through	stages,	 in	males,	must	be	taken	into	
consideration	 for	 the	 appropriate	 evaluation	
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